Of the ionization methods that have revolutionized the applicability of mass spectrometry to large molecules, electrospray (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) has the unusual advantage of producing ions with by far the highest relative number of charges. This was first demonstrated by Fenn and coworkers (4) (5) (6) , based on the pioneering work of Dole and coworkers (3) , with very recent exciting applications to proteins and nucleotides with molecular masses up to 130 kDa by Smith, Loo, and coworkers (7, 8) , and with highly accurate mass measurements by the Fenn (6), Smith (8) , and Henion (9, 10) groups. For even the largest proteins, molecular ions with mass/charge (m/z) values of 600-1400 can be obtained with minimal fragmentation, making it possible to use a quadrupole mass spectrometer with correspondingly small upper mass limits (4) (5) (6) (7) (8) (9) (10) . In considering alternative instrumentation, Fouriertransform mass spectrometry (FTMS) exhibits resolution that is uniquely high, although inversely proportional to the m/z value, with resolving power values of >100,000 reported for this m/z range (11) (12) (13) . Increasingly large molecules require an exponential increase in the amount of information necessary for structural characterization; here, the extra data dimensions of tandem mass spectrometry (MS/MS, MS') are extremely promising (14, 15) , especially for sequencing linear molecules (16) (17) (18) (19) . FTMS is also uniquely qualified for MS', as it can perform mass analyses sequentially in time with a single mass analyzer, not in space requiring multiple analyzers as with magnetic sector and quadrupole instruments. Furthermore, its multichannel detection of normal mass spectra over a wide mass range [e.g., 100-16,000 (20) analyzer over such a large mass range for each selected primary ion. On the other hand, the pressure requirement for high-resolution FTMS is much more stringent than for most other mass spectrometers (=10-9 torr vs. -.-10-6 torr; 1 torr = 133.3 Pa), an obvious disadvantage for the atmosphericpressure electrospray process. This paper reports successful FTMS spectra by using electrospray ionization for peptides and proteins of molecular masses up to 29 kDa, although ion source pressures of only 10-7 torr have been achieved with this preliminary system.
EXPERIMENTAL
The Virginia FTMS instrument (19, 22, 23 ) has a 7 T magnet and a 2.8 x 2.8 x 7.8 cm ion cell, with ion introduction through 14, 25 , and 86 cm rf-only (1.25, 0.87, 0.87 MHz) quadrupoles, each with an HV-202-6C 680 liters/s cryogenic pump. Electrospray (and "electrosplotch") ionization used gravity feed through a 900 bent syringe tip (500-,ul Hamilton 700 series) with 30-gauge needle, 3-to 12-kV potential relative to the nozzle and skimmer at ground. Solutions of peptide in CH30H, with sufficient H20/AcOH for dissolution were added at 17 ,ul/min with heated counter-flow CO2 as a drying gas, and with pumping before the 900 skimmer entrance to the first quadrupole by a 38 liters/s ( (Fig. 4) , the largest molecule for which data were obtained. The molecular weight calculated from the spectrum of the latter is approximately that (-29,022) found by Loo et al. (8) . Again, more peaks are present for each charge; these were not removed by reverse-phase HPLC purification. MS/MS should aid in establishing the source(s) of these extra peaks. The molecular weight measurements were based on a previous calibration with singly charged ions; note that all reported values are low. FTMS calibration is known to be affected by the number of ions in the source, so that use of an internal standard should improve mass accuracy if the resolution is sufficient to distinguish sample and standard peaks. The vacuum systems for ion introduction in both the Virginia and Cornell FTMS instruments are being modified with the expectation of improving resolution.
FT'MS has unusual MS' capabilities, in that its single mass analyzer can be used sequentially in time for repeated selection of one or more ions for their dissociation (or reaction) into product ions. These then can be mass analyzed for structural characterization, and the dissociation process can be repeated on these, and even on their products (MS'), to obtain more detailed information on smaller parts of the molecule. The dissociation of FTMS-trapped ions by energetic species such as photons is also much more efficient than such dissociation of the fast ions of magnetic sector or quadrupole analyzers (11, 12) . Fig. 5 
